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Utilizingseveral different approaches to noise reduction,
satisfactory beat by beat His bundle activity was re-
corded from the chest surface in 41 (80%) of 52 normal
subjects. Surface atrial to His intervals (PAH) and His
to ventricular intervals (HV) were measured in this group
and compared with subintervals of the PR segment re-
corded endocardially from 47 persons with normal elec-
trophysiologic findings. A recent modification in the se-
lection algorithm allows on-line identification of the four
of five possible recording sites for utilization in a spatial
summation. The ability to record in less favorable cir-
cumstances has been improved to the extent that records
of suitable clarity for measurement were also obtained
in 17 (77%) of 22 individuals with conduction system
In 1973 and 1974, work was published (1-3) supporting
the hypothesis that electrical activity from the His-Purkinje
system could be directly recorded from the body surface.
This basic approach was quickly extended (4-15). The sig-
nals of interest have been reported to range between I and
15 /.tV on the body surface and generally range nearer the
lower rather than the higher end of that spectrum (16,17).
The average value measured in our laboratory is very near
the input noise average value of 2.3 /.tV. Environmental ,
amplifier and myotonic noise and noise generated from the
electrode-skin interface often exceed in magnitude the sig-
nals of interest.
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abnormalities. Comparison of the surface and endocar-
dially acquired data in the normal group reveals no sta-
tistically significant difference in the surface acquired
PAH and endocardially acquired high right atrial to His
(URAH) intervals, nor in the BV intervals. In a small
subset of patients data were acquired by both techniques
and no significant differences were found.
Thus, when programmed stimulation or endocardial
mapping is not required to answer specificclinical ques-
tions, in the majority of persons it is possible to record
meaningful subintervals from the body surface from each
cardiac cycle. Additionally, in instances in which surface
P wave activity is obscure in the routine electrocardio-
gram, this technique enhances atrial electrical activity.
The technique of averaging sequential cardiac cycles,
applied for more than 18 years in body surface mapping
studies, was an attractive approach and continues to be
utilized in modeling or in studies related to the fidelity of
the configuration of the signals or in studies using the entire
context of frequencies (18) . Furthermore, serial averaging
is quite appropriate for the dynamic display of the pathway
of human His bundle and bundle branch activation in sinus
rhythm (19). However, the approach of serial signal aver-
aging has disadvantages because it does not lend itself to
the study of patients with irregular rhythms or instances of
changing atrioventricular (AV) conduction.
The clinical value of surface recognition of the His bundle
signal within the PR segment depends on the diagnostic and
prognostic information contained therein yet not visualized
in the standard electrocardiogram. With the use of serial
signal averaging, in absolutely regular rhythms intervals can
be measured with considerable accuracy , but even this value
is limited because of the lack of sharp definition of the onset
of the signal. Early data demonstrating that beat by beat
recognition of His-Purkinje waveforms was sometimes pos-
sible was the subject of an earlier report (20).
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It was difficult to further support and extend that study
with more extensive human data with invasive verification
because we were limited by the following: 1) the need for
an electrically quiet area; 2) the necessity of clinical stability
of patients removed from the hospital environment for re-
cording; and 3) the humane considerations precluding pro-
spective invasive studies being conducted on asymptomatic,
healthy, normal volunteers to compare endocardial and sur-
face acquired records in the same patient. Therefore, we
sought other ways to extend and analyze a larger subject
group.
The purposes of this study are 1) to report the results of
comparisons between 41 asymptomatic, normal volunteers
studied in the surface electrocardiography laboratory and 47
patients studied in the invasive electrophysiology laboratory
for symptoms, but who were demonstrated to be normal
electrophysiologically; 2) to report the results in 17 age-
and sex-matched normal pairs; 3) to present data from 8
patients with conduction system abnormalities who had both
surface and endocardial studies; and 4) to briefly describe
a channel selection algorithm that has increased our yield
of recordable data.
Methods
Surface His bundle recordings. After giving informed
consent, 52 normal volunteers had surface His bundle re-
cordings made in the research laboratory. Five exploring
Figure 1. Blockdiagram of signal processing used in our study.
See text for discussion.
electrodes were placed on the right anterior thorax at inter-
electrode distances ranging between 1 and 2 em. The in-
different electrode was a common electrode placed slightly
medial to the cardiac apex.
Initial linear amplification followed by Krohn-Hite band-
pass filtering and subsequent further amplification (200 x )
results in an ultimate total amplification of 200,000 x. A
threshold detector is interposed which can be set to allow
the optimal signal to noise ratio in a patient (17). The thresh-
old detector generates a pulse on its output for the period
of time in which the individual input deflection exceeds a
specified value. The analog averaging circuit gives the spa-
tial summation of all input signals; whether these signals
are allowed to pass or not is determined by a logic circuit
that generates a synchronized clock pulse when the input
deflections are phase congruent on at least four of the five
channels. The channel selection algorithm continuously ex-
amines the algebraic sign of all input deflections and chooses
the maximally congruent four channels. The algorithm re-
quires attenuating one channel if its deflection has opposite
polarity to that recognized by the other four. If all five are
of the same polarity, they are accepted in the unattenuated
state. All will be attenuated if more than one is out of phase
with the others, or if phase congruence does not have a
minimal duration of 0.5 ms dictated by the low pass filter
at the final stage. The deflections are then summated into a
single P wave, His deflection, QRS complex and T wave
on a beat by beat basis (Fig. 1).
The PAH interval was taken to be that interval from the
earliest evidence of atrial activity in the surface His bundle
electrogram to the His bundle deflection. The HV interval
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Table 1. Endocardial PR Subintervals (ms) in 47
Normal Subjects
HRAH AH HV
115 75 40
135 105 40
140 105 50
105 80 40
85 85 45
100 90 45
130 90 35
120 110 45
110 75 40
140 101 50
130 70 45
125 110 45
130 110 40
148 105 45
145 80 55
140 90 40
100 85 40
130 110 40
128 95 50
90 75 40
129 129 35
122 110 42
150 130 55
100 90 50
130 130 40
160 120 40
122 120 41
120 116 36
110 85 50
130 118 40
82 82 40
117 101 43
135 135 46
125 114 55
120 100 40
137 121 43
85 85 35
110 100 55
110 100 50
105 100 45
120 108 50
135 120 45
130 116 30
115 100 45
145 125 52
120 100 40
140 120 52
was measured from the His bundle deflection to the earliest
evidence of ventricular activity, whether the ventricular ac-
tivity occurred first in one of three relatively orthogonal
routine surface electrocardiographic leads or in the surface
His bundle electrogram,
Endocardial recording. Endocardial data were ac-
quired from 47 patients studied with programmed stimu-
lation in the electrophysiology laboratory and found to be
electrophysiologically normal. From the catheter-acquired
Table 2. Surface PR Subintervals (ms) in 41
Normal Subjects
PAH HV
100 40
110 35
110 35
120 40
100 40
96 42
110 45
125 40
110 40
106 44
130 44
110 38
140 45
120 38
104 40
128 48
100 40
112 40
130 40
130 33
110 46
100 40
120 38
128 40
130 40
102 38
165 39
125 42
135 34
128 44
140 40
122 41
135 42
135 39
100 32
132 48
117 42
104 40
125 40
158 40
110 45
data, high right atrial to His (HRAH), low right atrial to
His (AH), and HV intervals were measured.
Results
PR subintervals recorded by surface electrocardio-
gram and endocardial electrogram. Tables 1 and 2 con-
tain the individual interval measurements of the surface and
endocardially acquired data. Figures 2A and 2B are bar
graphs constructed from these tables comparing the surface
data (black bars) and the endocardial data (clear bars). Both
the Mann-Whitney method of testing for significance of non-
Gaussian data and the Students t test were applied (21,22).
The two normal groups thus analyzed were not statistically
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Figure 2. Comparison of surface and
endocardial lead data. A, Along the
abscissa, the intervals between atrial
and His activity are represented in
decades; thus, 120-129 ms is com-
bined at the 125 ms location, 130-139
ms is seen at the 135 ms location along
the abscissa, and so forth. The atrial
to His interval measured from the sur-
faceHis bundle lead (PAH, black bars)
and the high right atrial electrogram
(HRAH. white bars) measured from
the endocardial electrogram show no
statistical difference. B, Along the ab-
scissa, the His to ventricular intervals
(HV) measured from the surface His
bundle lead and the HV intervals mea-
sured from the endocardial His bundle
electrogram are compared. There was
no statistical difference between the
groups.
B
different. The endocardial measurement of the HRAH in-
terval was more similar to the PAH interva l in the surface
His bundle electrogram than was the endocardially reco rded
AH interva l. Figure 3 shows the relation between the PR
subinterva ls recorded by both techn iques, and highlight s the
fact that the surface PAH interva l usually detects atrial ac-
tivity slightly later than does the high right atrial electrogram
but earlier than the endocard ial His bundl e lead (low right
atrial site).
Normal data. Examples of the normal data from which
the surface intervals were measured may be seen in Figures
4 through 6. Figure 4 is from a normal male volunteer. Note
the atrial deflection as perceived in the surface His bundl e
electrogra m labeled P, the His bundl e deflection labeled H
and the ventricular deflection labeled QRS. The T wave is
also recorded . Figure 5 is an exa mple from a norm al woman
whose T wave activity is well seen in the surface His bundle
electrogra m. Figure 6 , from a normal man , however . is an
exa mple of an individual whose T wave activity is not nearly
as obvious. Routinel y, three mutually orthogo nal surface
electrocardiographic leads were simultaneously recorded with
the surface His bund le recording to allow for appropriate
reference to the position within the PR segment in which
the possible His bundle activity occurs. Note that the de-
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Figure 3. PR mean subintervals from 41 normal volunteers re-
corded from the body surface (PA interval) and 47 people found
to be normal on recording from the endocardium (HRA). The
relation of the surface-measured atrial to His intervals (PAH) and
the endocardially measured atrial to His interval from the low right
atrium to His bundle (AH) and the interval from the high right
atrium to His bundle (HRAH) is illustrated. See text for discussion.
f1ections labeled H occur after a distinct break in the rela-
tively rapid, relatively high frequency deflections labeled
P, and that the H deflection has its onset well before the
onset of the QRS complex.
Comparison of two methods in age- and sex-matched
normal subjects. In an effort to render as comparable as
possible the two normal groups with surface and endocardial
recordings, 17 age- and sex-matched pairs were identified;
the endocardial HRAH and AH intervals were compared
with the surface recorded PAH intervals, The HRAH and
PAH intervals were not statistically different with a mean
of 123, I and 120, I, respectively, and 'a range of 85 to 150
and 100 to 158 ms, respectively. However, when comparing
the PAH and the endocardially recorded AH intervals, there
was a significant difference (probability [p] < 0,05), Note
the considerably shorter AH interval of 102.8 (range 75 to
130) (Fig. 7),
Patients withconduction systemabnormalities. Table
3 lists individual values for the eight patients with conduc-
tion system abnormalities in whom we were able to record
both from the endocardium and from the body surface. The
values in a given individual measured by both techniques
are closer than when normal groups are compared,
An example from a patient studied sequentially with both
recordings is illustrated in Figure 8. At the time of the
surface recording, the patient had left bundle branch block
with a PAH interval of 145 ms and an HV interval of 55
ms. Although at the time of the endocardial recording, the
patient's left branch block had abated and he had a slightly
slower heart rate, the HRAH and HV interval compared
favorably with the PAH and the HV intervals in the previous
surface recording,
Figures 9 and 10 are examples from a patient with an
intraventricular conduction abnormality from an extensive
anterior myocardial infarction. Figure 9 shows recordings
made in hard copy from a magnetic tape recording in which
playback speed was reduced to yield an effective paper speed
of 500 mmls to facilitate making measurements. Figure 10
shows the comparably measured intervals in this same pa-
tient but also demonstrates the record after an artificial pace-
maker had been installed, Note the PAH interval of 90 ms
in each instance. However, Figure 10 also demonstrates a
premature beat of either fascicular or ventricular origin with
no preceding H deflection, The P wave deflection in the
standard electrocardiogram occurs with the atrial deflection
in the surface His bundle recording after the premature beat.
In this instance, there is a lack of conduction to the bundle
of His. The compensatory pause after the premature QRS
complex exceeded the pacemaker latency period, allowing
the pacemaker to escape (P.). Atrial activity, probably aris-
ing from the sinus node, is apparent immediately thereafter.
The deflection (indicated by an arrow) may represent a His
bundle escape, because it occurs after a very quiescent base-
line and well before any other electrical activity is evident
in the other channels.
Figure 11, an example from an individual with sick sinus
syndrome and episodes ofrecurrent supraventricular tachy-
arrhythmias, demonstrates a portion of a run of atrial flut-
ter. Although it is unlikely that the small deflection near
the initial QRS complex is from the His bundle (because it
probably occurs almost with the onset of ventricular ac-
tivity), this figure illustrates the value of the noise reduction
and signal-enhancing technique in characterizing atrial ac-
tivity. The flutter waves, while probably deducible from the
routine leads, are unmistakable in the surface His bundle
recording. Although there is some evidence of T wave ac-
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Figure 4. From a normal male vol-
unteer, the surface His bundle electro-
gram (SHBE) was simultaneously re-
corded with standard leads I and aVL.
The V41evel was used at the mid-ster-
nal line, The His bundle deflection (H)
appears well isolated from both atrial
(A) and ventricular (QRS) activity and
appears in sequential cycles.
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Figure 5. Standard leads I, aVF and VI recorded
simultaneously with the surface His bundle electro-
gram from a normal woman. His bundle activity
appears in sequential cycles (arrows) and occurs
well after atrial activity terminates and before the
onset of ventricular activity.
tivity, the separate recognition of the rapid regular deflec-
tions as atrial in origin is clear-cut. The value in assisting
in the definition of mechanism of arrhythmias is independent
of the value of evaluating AV conduction when His bundle
activity is obviously present.
Discussion
Implicit in the logic of the algorithm is our inability to
demonstrate both faithful configuration (as to the frequency
content) of the His bundle signal and sharp, discrete de-
flections suitable for interval measurement. However, the
latter is clinically more relevant and in the comparison of
the two different groups of normal subjects we have been
impressed with the comparability of the measurements of
the subintervals of the PR segment.
Surface His bundle lead versus His bundle electro-
gram. The surface His bundle lead reflects the atrial activity
before atrial activity is recorded from the His bundle elec-
trogram endocardially. This is to be expected because the
Figure 6. Recording of standard leads I, aVF and VI along with
the surface His bundle electrogram (bottom) from a normal man.
Atrial activity (PA)' His bundle activity (H) and ventricular activity
(QRS) are illustrated in consecutive cycles.
endocardial His bundle lead has small interpolar distances,
and mainly records very local activity. In addition, from
the surface His bundle electrogram, the PAH interval usually
records atrial activity slightly after the onset of earliest ac-
tivity, because of the frequency limitation that attenuates
the lower frequencies in the surface atrial signal. The surface
PAH interval, then, is slightly longer than the endocardial
AH and a little shorter, but not statistically different, than
the HRAH. The total duration of the PAwave in the surface
His bundle lead is sometimes shorter than the P wave in the
routine electrocardiogram. Again, we believe that this is
because the lower frequencies are constrained and their ab-
sence may abbreviate the total duration of the deflection.
In the QRS complex, however, the duration is as long as
or longer than that in the routine surface electrocardiogram
because of its higher frequency content and our amplification.
We have attempted to select interelectrode distances that
optimize for each patient signal enhancement (having the
electrodes as close as possible), and yet minimize compli-
cating myotonic coincidence by having the interpolar dis-
tances sufficiently distant from each other. Santopietro (23)
addressed this issue, but did not give clear-cut guidelines
as to critical interpolar distances. Therefore, we have found
that optimally the sensing electrodes must remain in the
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acquired (PAH) atrial to His interval. Note the close correspondence
of HRAH and PAH with no statistical difference, whereas the AH
recorded from the endocardial His bundle electrogram positioned
low in the right atrium demonstrates a shorter interval (p < 0.05).
See text for discussion.
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Table 3. Body Surface and Endocardial Lead Measurements in
Eight Patients With Conduction System Abnormalities
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Interval(ms)
HRAH PAH HY HY
Problem (HBE) (SHBE) (HBE) (SHBE)
SSS 11 0 100 35 35
MI, IYCD. syncope 170 170 48 50
LBBB, syncope 145 145 55 55
LBBB . syncope 90 85 48 45
PSYT 160 160 75 75
RBBB ,LAFB 220 210 60 60
LBBB. presyncope 140 150 60 58
LBBB, presyncope 160 160 78 75
HBE = HIs bundle electrogram; IYCD = mterventncular conduction
defect; LAFB = left atnal fascicular block. LBBB = left bundle branch
block; MI = myocardial infarction; PSYT = paroxysmal supraventricular
tachycardia; SHBE = surface His bundle electrogram; SSS = sick Sin US
syndrome.
same electrical field as far as the His bundle signal is con-
cerned, and yet not so close together that the higher fre-
quency myotonic potentials are sensed as phase congruent
in all four or five initial inputs. An interelectrode distance
of about I em usually satisfies these constraints; sometimes
as little as 0.5 em or as great as 2 ern is required.
Detection of P versus T wave. Occasionally, the P and
T waves become superimposed. At times, by capitalizing
on the higher frequencies in the P wave, we can eliminate
the T wave almost entirely (Fig. 6), but we are not always
able to do this. However, because the P waves are so easily
recognized by recording a long enough strip in noncon-
ducted atrial premature beats, or any rhythm with suspected
AV dissociation, they can usually be distinguished from the
T wave. In atrial tachycardia or flutter, it is easier to identify
the P wave because there is a fixed intcr-P interval, and a
usual ratio of more P waves than QRS deflections while the
T wave will relate to the QRS complex only in a I:I fashion.
In contrast, EI-Sherif et al. (24) recently presented impres-
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Figure 9. Standard leads I, aVF, V4 and surface His bundle
electrogram (SHBE) from a patient with multiple myocardial in-
farctions andresulting intraventricularconduction defect. Distinc-
tion between atrial and His bundle activity can be enhanced by
initial tape recordingat rapid speeds and tape playback at slower
speeds compared with hard copy write-out.
sive recordings in which the T wave was almost consistently
suppressed compared with the P wave.
Clinical implications. We do not view this approach as
a substitute for invasive electrophysiology in terms of en-
docardial mapping or programmed stimulation for the in-
tegrity of the conduction system, or of elucidating such
mechanisms of paroxysmal supraventricular and ventricular
tachycardia as reentry versus automatic origin. However,
we see it as a valuable tool for the longitudinal follow-up
of high risk patients with conduction system disease, who
can thus safely and inexpensively have repeated studies for
comparison. This technique may prove helpful for the rapid
discrimination of supraventricular and ventricular arrhyth-
mias. Further, inclusion of surface His bundle recordings
in the clinical electrocardiogram may provide the oppor-
tunity for large population surveys of sufficient magnitude
to reveal the early natural history of rhythm and conduction
problems we have not yet clinically characterized effec-
tively. Finally, there is potential for using the signal en-
hancement capabilities of this approach in computerized
arrhythmia detection systems.
We conclude that. on the basis of normal group com-
Figure 8. Endocardial and surface recordings are
compared in a patient with intermittent left bundle
branch block. Standard leads I, aVR, V\0 the His
bundle electrogram, the right ventricular (RV) and
high right atrial (HRA) recordings are illustrated.
From the body surface recording, standard leads I,
aVR and V5 with thesurfaceHis bundle electrogram
(SHBE) are shown. Atrial activi ty (P), His bundle
activity (H), ventricular activity (QRS) and T wave
activity (T) are illustrated. The HRAH and PAH as
well as the HV intervals obtained from the endo-
cardium and the surface were measured and re-
corded by separate observers.
ENDOCARDIAL RECORDING
I
AV,
BODY SURFACE RECORDING
1
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Figure 11. Standard leads I, aVR, V4 and surface His bundle
electrogram (SHBE) recorded in a patient with recurrent supra-
ventricular arrhythmias. A run of atrial flutter (P') is followed by
a reversion to sinus rhythm after the second QRS complex. Note
the absence of electrical activity in the TP interval after the second
cycle, and the prominent P' waves during the burst of atrial flutter .
His bundle activity is not discernible in this recording, yet the
atrial mechanism is easily appreciated.
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Figure 10. A record from the same patient illustrated in Figure
9 showing similar intervals at a slower speed and a recording after
a pacemaker had been implanted. Standard leads I and aVF, a V
lead at the xiphoid (xi) and a surface His bundle electrogram
(SHBE) were recorded. In the first cycle, atrial (A), His bundle
(H) and ventricular (V) activity are indicated. An opportunity to
appreciate the expected absence of a His deflection before a pre-
mature ventricular beat (second QRS) is illustrated. The compen-
satory pause is followed by a pacemaker impulse (Pi). Note the
absence of electrical activity in areas of expected electrical silence.
The arrow in the SHBE marks a deflection occurring before Pi.
Pesc (escape P wave) likely represents the next sinus P wave. See
text for discussion.
pari sons , the age - and sex -matched data and the patient
group with recordings by both surface and endocardial tech-
niques, the HV intervals at rest are very comparable in the
two techniques . We further conclude that the HRAH and
the PAH intervals are comparable across a healthy popula-
tion , and there is a good correspondence when the two
techniques are applied to the same ind ividual. Additionally,
the noi se reduction and signal-enhancing capabilities of this
low-level recording method may help solve the P wave
identificati on in arrhythmia-detection sys tems.
